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ABSTRACT: The area is faced with endemic groundwater quality problems arising from 
abandoned shallow and deep boreholes. The abandonment of shallow boreholes is presumed to 
have been caused by saltwater intrusion from the ocean. The objective of this paper is to 
examine if saltwater is responsible for groundwater degradation associated with shallow 
groundwater aquifer. To achieve this, a multi-electrodes ABEM SAS 4000 Terrameter was used 
in the acquisition of 2D electrical resistivity tomography data.  Inverse models which estimate 
actual subsurface geologic resistivity was generated from RES2DINV software and 
subsequently geologic information were construed from them. The interpretation of the various 
profiles returned resistivity values which contrasted the existence of saltwater in the pore spaces 
of groundwater aquifer media in the area under investigation. Resistivity images of values 
ranged from 2.34Ωm to 70 Ωm where interpreted as clays, greater than 70-90Ωm as fine sand 
and 90Ωm and above where interpret as medium sand. The evidence revealed by the 2D 
electrical resistivity tomography investigation combined with geochemistry of groundwater 
from literature suggested that abandonment of shallow boreholes are probably not related to 
saltwater intrusion. The study has established that poor groundwater quality being experienced 
is not caused by saltwater intrusion rather by iron which cannot be separately distinguished from 
groundwater by resistivity technique. © JASEM 
https://dx.doi.org/10.4314/jasem.v21i2.19   
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The pores spaces which constitute coastal aquifers are 
filled with groundwater. They are porous and with 
hydraulic conductivity influenced by the tortuous 
nature of them. If the groundwater contained in 
aquifer is fresh, it tends to exhibit a resistant to the 
flow of introduced current.  This is because it is less 
conductive, and does resist the flow of current 
through it. These properties describe the nature of 
freshwater conductivity with respect to an introduced 
current. If on the other hand, the aquifer contains 
saltwater, it becomes more conductive and less 
resistant to an introduced current. This is an 
important attribute that distinguishes geophysical 
methods from the other methodologies in 
groundwater exploration. Consequently it has find 
major usage in the delineation of freshwater from 
saltwater in same aquifer and environmental 
investigation. The electrical resistivity methods 
including vertical electrical sounding and resistivity 
profiling, as well as small loop electromagnetic 
survey are veritable tools for the delineation of 
saltwater intrusion in coastal aquifers (Hwang et al., 
2004; Sherif et al., 2006; and Song, 2006; Atakpo, 
2012;  Adepelumi et al., 2008;. Oyedele 2001; Amadi 
et al., 2012; Nwankwoala and Munguye, 2013) 
  
Resistivity profiling can be used to obtain 2D and 3D 
subsurface geologic information. It also provides both 
lateral and vertical resolution of resistivity with 
depth, when compared to the vertical electrical 
sounding, which provides vertical resolution of 
resistivity with depth. For this reason, 2D and 3D 
have found extensive usage in environmental and 
saltwater intrusion studies.  
 
Similar to most communities of the Niger Delta 
inhabiting the coastal regions of Nigeria, the study 
area is faced with endemic water problems. Several 
shallow and deep boreholes drilled in the area have 
been abandoned, with few exceptions with good 
quality groundwater. Thus, making the understanding 
of groundwater condition  complex, as no  
hydrogeologic explanation on why few boreholes and 
hand-dug wells having groundwater which are 
portable and majority are not. 
 
Boreholes drilled into aquifer of 200m depth in the 
study area were abandoned because groundwater 
from the aquifer is brackish (Oteri, 1998). 
Considering the depth at which the groundwater is 
brackish, salinity of the aquifer may have been 
caused by saline water trapped in sediments during 
transgression of the sea in geologic past. It may not 
necessarily through modern sea water intrusion. The 
reason why boreholes drilled into shallow aquifers 
are abandoned is poorly understood. The objective of 
the study is to examine the extent to which saltwater 
intrusion is responsible for groundwater quality 
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degradation in shallow groundwater aquifers of the 
area. 
 
Geology and Hydrogeology: The sediments beneath 
Burutu surface comprise of products deposited by 
fluvial and transition environments. The Warri–
Forcados and the Niger River systems are responsible 
for depositions of sediments.  Ocean tide and waves 
are responsible for the reworking of sediments 
deposited at the mouth of Delta. These hydrodynamic 
processes controlling deposition are probably not 
different from those which formed the Tertiary Niger 
Delta Basin in the past.  
 
The river at Burutu is brackish, a characteristics of 
transitional environment and the extent of 
brackishness is greatly controlled by seasonal 
variation, i.e. it more brackish during the dry than wet 
seasons respectively. The sediments are of 
Quaternary age and consist of fine grained clay, silts 
and sands that are unconsolidated. These sediments 
are said to belong to the Somebreiro-Warri Deltaic 
Plain deposit which capped the water bearing Benin 
Formation.  The sands which are the aquifers are iron 
rich and have significant impact on the quality of 
groundwater. The Somebreiro-Warri Deltaic Plain 
deposit has thickness less than 200m and constitutes 
the shallow aquifers of the whole of the Niger delta.  
 
The Benin formation is the major water bearing 
Formation of the entire Niger Delta hydrogeological 
basin. The lithological composition of which include 
sands, silts, clays and gravels and occasionally peats.  
The sand and gravels forms the aquifer in the 
Formation and are sometimes influenced by 
heterogeneity. Heterogeneity may have been caused 
by interaction of clays with sands and termination of 
sand against clays and vice versa. Though no 
available pumping data, it is generally assumed from 
grain sizes and degree of sorting that aquifers possess 
high hydraulic conductivity and transmisitivity. 
Therefore very productivity like other aquifers within 
the Niger delta basin. Most boreholes in the area have 
been abandoned due to high concentration of iron, 
especially those whose depth exceeds 40m and those 
shallower than 15m are sometimes less affected. 
 
The river systems that drain the area form sub-
catchments within the Niger Delta basin, especially 
the western region rivers. The Forcados River at 
Burutu is noticeably affected by the 6hourly tide. The 
stage of the river at low tide is 0.4m and 1.2m during 
higher tide. The tide has no significant effect on 
groundwater level (Ohwoghere-Asuma, et al., 2014).   
 
Groundwater aquifer is recharge mainly by 
infiltration of precipitation and discharge by 
pumping, evapotranspiration and flow into the River. 
Groundwater level range from 0.2 to 1.2m and is 
influence by seasonal variations.  The direction of 
groundwater flow is towards the Forcados River 
(Ohwoghere-Asuma, et al., 2014).The average annual 
rainfall is above 3000mm with frequent rainfall in the 
wet season. 
 
MATERIALS AND METHODS 
Location of study: Burutu is sandwiched between 













E (Fig.1) and located 19km 
from the Gulf of Guinea. It is circumscribed by the 
River Niger and Focardos River. It is an hour by boat 
from the city of Warri.  Forcados River is marginally 
brackish at Burutu due to influence of tide, 
occasioned by the convergence of freshwater from 
land and marine saline from the sea. The 
physiographic landforms of mangrove and freshwater 
swamps characteristics of the Niger Delta are also 
common in the area. 
 
Acquisition and processing of 2D ERT data: 
Electrical resistivity tomography was acquired from 
the field with a multi-electrodes ABEM SAS 4000 
Terrameter in a Wenner array configuration. The 
Wenner array configuration was selected for the 
study because it is capable of providing both 
horizontal and vertical resolution of subsurface 
geology. 64 electrodes spaced on the surface at 5m 
and 2.5m respectively were secured into subsurface 
for current injection and potential difference 
measurement across two outer and inner electrodes.  
In order to have the acquired data in 2D resistivity 
models, they were subjected to RES2DINV software, 
an inversion algorithm of Loke (1999). 
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Fig.1: Map of the Western Niger Delta showing the Study Area 
The outcome of the inversion is a pseduosection was 
processed further by subjecting them to the rapid least 
square inversion algorithm proposed by Loke and 
Baker (1996). This process converts apparent 
resistivity into true resistivity of the subsurface 
geologic structure. 
  
The RES2DINV software is capable of performing 
the inversion routine because it is founded on the 
smoothness-constrained least square inversion 
algorithm. The software does this task by dividing the 
subsurface into rectangular block of grids. The finite- 
difference method recommended by Dey and 
Morrison (1979) was applied in obtaining apparent 
resistivity. A model in which the cell width is half 
electrode spacing was selected because the acquired 
data has high resistivity values near the surface than 
the minimum. Also, in order to obtain more accurate 
apparent resistivity values, 4 nodes per unit electrode 
spacing and finest mesh were used. By selecting this 
options, the spacing between electrodes was reduced 
from earlier 5m to 2.5m used in the acquisition of 
data by the software. The pseudosection contouring 
method was subsequently used to display apparent 
resistivity values (Loke, 2000). More details 
concerning the processing of 2D data acquisition and 
interpretation are available in (Kazakis et al., 2016; 
Loke, 2000; Ohwoghere-Asuma, et.al. 2014a, b, c; 
Ravindran,et al.,2013; Satriani, 2011 and others). 
 
RESULTS AND DISCUSSION 
Fig. 2 illustrates the 2D electrical resistivity 
tomography (2D ERT) data acquired from the study 
area. This profile presents resistivity image values 
quite distinctive in having moderate to relatively high 
resistivity values. The topmost layer whose depth 
ranges from 0.469 to 4.29m is characterized by a 
minimum of 47Ωm and maximum of 340Ωm 
resistivity image values. Directly underlying it, are 
successive layers of high resistivity images which 
ranged from 128 to 340 Ωm. Resistivity values less 
than 90 Ωm are probably interpreted as clay and they 
are discontinuous in lateral extent. Consequently 
semi-confined aquifer is inferred for this profile, 
while those whose values are less than 92Ωm are 
presumed to be silty sand and those greater than 
92Ωm are interpreted as sand. Area of the profile 
with low resistivity image values is probably 
regarded as poor quality groundwater, which is 
attributable to the presence of dissolved ions and iron 
(Ohwoghere-Asuma, 2014c).  The iron content of 
shallow and deep confined aquifers is typical of the 
Niger delta water bearing formation, a claim 
supported by the works of Etu-Efeotor and 
Akpokodje (1990) and Oteri (1988). The true 
condition of the groundwater quality in the 
subsurface along this profile could not be constrained 
with the electrical resistivity tomography alone, 
because the groundwater condition is somehow 
complex and inexplicable; as the distribution of good 
and poor quality groundwater is somehow not evenly 














Fig. 2:  Showing Inverted model section acquired from Burutu Port Area 
 
Fig. 3 presents the electrical resistivity tomography 
data obtained from same area perpendicular to Fig. 2.  
Dominating the uppermost layer of the profile is a 
high resistivity images, which ranged from 71.7 to 
396 Ωm and sandwiched between the layers are spots 
of low resistivity images of 2.5Ωm and 43Ωm. The 
thickness of the layer ranged from surface to about 
3m. Clayey sand and silty sand are interpreted for the 
high and low resistivity image values respectively. 
Bearing in mind the shallowness of groundwater 
aquifer prevalent in this area, the high resistivity 
images of the topmost layers are probably considered 
to range from very poor to poor groundwater quality. 
Immediately below this layer are successive images 
layers whose resistivity values are gradational from 
30 to 2.34Ωm. The trend in the decrease in resistivity 
image values is more recognizable laterally along the 
profile than vertically. Lithologically, the very low 
resistivity images within those successive layers are 
inferred as thick layer of clay which is truncated at 
the 2.5m and continued immediately after the 4.25m 
mark along the profile. The others are construed as 
silty sand and medium grained sand in the order of 
increasing resistivity images values. Those resistivity 
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images characterized by low values are interpreted to 
range from very poor to fair quality groundwater 
condition. 
 
Fig. 4 depicts subsurface information in which the top 
layer is dominated by low resistivity images values 
that vary between 2.46 and 6.29Ωm throughout the 
profile. This layer forms part of the reclaimed land of 
the School of Marine Technology, Burutu and it 
about 2m thick. The low resistivity images for this 
layer may be ascribed to the leaching of dissolved 
iron fluid which characterized the area (Fig.6). 
Underlying this, are successive layers of increasing 
trend of resistivity image values, which ranged 
between 16.1 and 685Ωm.  
 
 
Fig. 3: showing Inverted model section in at NPA quarter road Burutu 
 
Those layers with resistivity images values less than 100Ωm were interpreted as clay and silty sand, while those 
greater were ascribed fine to medium grained sand. The qualities of groundwater that saturate these successive 
layers are significantly influenced by the concentration of iron dissolved in the aquifers. Consequently the 
groundwater quality inferred for this area varies from being very poor to fair. 
 
 
Fig. 4: showing inverted model section for school of Marine Technology Burutu 
 
Fig. 5 is the subsurface formation revealed by the 
electrical resistivity tomography data acquired from 
the Burutu township stadium. The layer underlying 
the ground surface is characterized by variation in 
resistivity images values, which ranges from 2.46 to 
313Ωm. In this profile spots of low resistivity images 
are more prevalent than high resistivity images along 
the top layers. Lithologically clays were inferred for 
very low resistivity images, those with resistivity 
values greater than 63Ωm and less than 100 were 
interpreted silty clays, while fine to medium grained 
sands inferred for those with values above 100Ωm. 
Some of those regions related to high resistivity 
images values may be saturated with groundwater, 
whose quality is similar to previous profiles 
determined by the concentration of dissolved iron 
contained in them. 
 
  
Fig.5:  Inverted model section for Burutu township 
stadium 
 
Generally the resistivity values depicted in this study 
is somehow related to those acquired by Omamode et 
al., (2013) but with distinctive interpretation. They 
adduced low resistivity values to incursion of 
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saltwater into shallow aquifer. Later study of same 
area involving groundwater geochemistry and vertical  
Fig.6: Pictorial representation of soil impregnated 
with iron.  
 
electrical sounding by Ohwghere-Asuma, et al., 
(2014c) showed no evidence of aquifer intruded by 
saltwater. The depth of occurrence of saltwater 
suggested by Omamode et al., (2013) is in variant 
with 200m depth of brackish water depicted by Oteri 
(1988) from log evaluation. Similarly, the work of 
Uma (1997) has also demonstrated that salinity of 
creeks has no significant effect on quality of shallow 
groundwater aquifer in some region of the eastern 
Niger delta. It is surfeit to say that the study area is 
similar to those studied by Uma (1997).  In our earlier 
study we observed that groundwater collected from 
shallow aquifers has three colours; light yellowish, 
dark and colourless. The problem of groundwater 
quality in the area, especially shallow aquifer, though 
needs further investigation, is more of iron and 
probably organically controlled than saltwater 
intrusion. 
 
 Conclusion: The 2D electrical resistivity tomography 
data interpreted has shown that degradation of 
groundwater quality in the study area is not 
influenced by saltwater intrusion but by other 
processes which could not be distinguished by 
electrical resistivity technique used. 
 
Heterogeneities which hinder the flow of 
groundwater in aquifers are better revealed vertically 
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